Background: Amnestic mild cognitive impairment (aMCI) and mild-to-moderate Alzheimer's disease (AD) are clinically distinct but impact cognitive and functional ability similarly. Comprehensive assessment of cognitive and functional deficits may prove useful in informing differential diagnosis in early stages of dementia and in informing endpoint selection in therapeutic AD trials. Objective: The objective of this study was to characterize patterns of cognitive and functional impairment in aMCI and mild-to-moderate AD subjects compared to cognitively intact healthy elderly (HE). Methods: Thirty-one healthy elderly, 20 aMCI and 19 AD participants were administered a cognitive test battery that included the ADAS-Cog and functional assessments. Z-scores were calculated for all endpoints based on the HE reference group. Results: Cognitive deficits were observed in AD and aMCI participants relative to the referent group. On average, aMCI participants performed 1 -2 standard deviations below HE on cognitive tests, and AD participants performed 2 -3 standard deviations below HE. Domain-specific functional deficits among AD participants (zscore −0.4 to −6.4) were consistently greater than those of aMCI participants (z-score 0 to −1.7). Conclusion: This study provides further support for comprehensive assessment and monitoring of * Corresponding author.
Introduction
Mild Cognitive Impairment (MCI) is characterized by changes in cognition which are less severe and widespread than those of Alzheimer's disease (AD), but represent a decline from cognitive functioning of normal aging and predisposes one to the risk of developing AD [1] . Initially, recognition of MCI was identified by detection of memory performance below age-associated norms [2] . However, recent revisions of this syndrome acknowledge that deficits may also occur in other cognitive domains [3] .
Cognitive decline is known to be preceded by neuropathology including beta-amyloid plaque deposition, neurofibrillary tangle formation and atrophy in the brain. Novel research with neuroimaging and CSF markers of pathology has led to revised research criteria for AD diagnosis [4] . The criteria include memory impairment as assessed with sensitive episodic memory tests. This new diagnostic framework has stimulated debate about the definition of AD and related conditions. The Mini-Mental State Examination (MMSE) and Alzheimer's Disease Assessment Scale-Cognitive subscale (ADAS-Cog) have typically been used as outcome measures in AD drug intervention trials [5] ; however, these measures may be insensitive for detecting early and subclinical changes [6] .
It is widely accepted that the typical cognitive profile in early AD is marked by episodic memory impairment with semantic memory, working memory, executive functioning, and visuospatial and attentional dysfunction emerging as the disease progresses [7] - [9] . The heterogeneity of cognitive decline suggests endpoints that comprehensively assess cognition may be best suited for detecting cognitive change [10] - [12] .
AD is also marked by deficits in functional ability, characterized by progressive deterioration of activities of daily living (ADL), including early decline in instrumental activities, and later activities relating to basic selfcare [13] . Once loss of ADL occurs and independent living is problematic, diagnosis will include dementia. ADL impairments associated with MCI may occur for instrumental activities that require high-level cognitive skills [14] [15] such as use of technology, understanding cultural expectations [16] , managing money [17] , medication use [18] and executive functioning [13] . As with cognitive measures, indications of differential profiles of functional impairment have also been found for AD as compared to other dementia groups [19] .
Countless cognitive tests have been used worldwide [20] to assess cognitive change in observational studies and clinical trials. In many instances, cognitive tests are included alongside the MMSE and ADAS-Cog in order to evaluate the potential utility of the measures as compared to these "gold standard" trial endpoints. An objective of the Oxford Project to Investigate Memory and Aging (OPTIMA) study was to identify cognitive tests capable of discriminating between cognitively healthy and cognitively impaired groups [21] - [23] as a first step in identifying the tests most likely to identify preclinical AD and to aid in diagnosis of dementia types. For this study, an adjunct to the original OPTIMA cohort, a selection of cognitive measures was added to the OPTIMA battery with the objective of identifying psychometrically sound cognitive measures for use as cognition endpoints in future AD clinical trials.
The purpose of this analysis was to determine, in a single cohort of participants, the pattern of cognitive and functional impairment of amnestic MCI-subtype (aMCI) and AD participants, using scores from HE as a reference. Clarification of cognitive and functional profiles is important for accurate differential diagnosis and monitoring decline across dementia syndromes [8] [24]- [27] . Furthermore, comprehensive understanding of domainspecific cognitive and functional profiles in aMCI and AD is the first step in identifying particular measures that are sensitive to impairment and the domains that can be utilized as endpoints to better characterize disease and assess impact on the early treatment to mild AD in clinical trials.
Materials and Methods

Participants
Participants were recruited from a larger cohort of living subjects enrolled in the Oxford Project to Investigate Memory and Aging (OPTIMA) study within the United Kingdom [28] , a longitudinal study of memory and aging established at the University of Oxford. All enrolled subjects undergo a clinical and informant-based interview, a comprehensive cognitive assessment including the Cambridge Cognitive Examination (CAMCOG) [29] [30] and ADAS-Cog, physical examination, MRI brain scan and blood-screening tests as part of the scheduled protocol for diagnostic purposes. Potential participants for the current prospective study were identified from the OPTIMA participant database according to clinical diagnosis at last visit. Those with Mini-Mental State Examination (MMSE) [31] score of ≥16 (N = 224) had their medical records screened for inclusion/exclusion criteria and rescreened to assess suitability for inclusion in the study. Sixty one subjects were excluded (27%) based on a review of their medical record. A further 73 (33%) were excluded after not responding to study invitation letters and telephone calls. The most common reasons for exclusion based on the chart review and telephone screen were: acute illnesses, recent stroke, advanced cancer, other dementia diagnosis than AD, advanced dementia or unwillingness to participate. The remaining 90 subjects (40%) were screened by telephone. Current dementia medication and administration of the Telephone Interview for Cognitive Status-Modified (TICS-M) [32] were used to establish a preliminary diagnostic classification.
General inclusion criteria applicable to all subjects for this sub-study, except where noted, were 60 years of age or older, no medical condition affecting cognition (excluding AD), a reliable informant willing to act as a study partner (not required for HE), adequate sensory and motor capabilities to perform cognitive testing, fluency in English as determined by the investigator; and the ability to understand study procedures and give verbal consent to participate. Exclusions included: a history of disease that might confound study results, a significant psychiatric history, recent (within 2 years) or current evidence of major untreated depressive or psychiatric disorder, uncontrolled or untreated endocrine disease or other medical condition causing transient or continuous alteration of consciousness or attention, recent (within 2 years) or current evidence of major stroke, multiple lacunar infarcts, transient ischemic events (within 3 months), epilepsy, Parkinson's disease, progressive supranuclear palsy, Huntington's disease, amyotrophic lateral sclerosis, multiple sclerosis or other central neurological disorder or a history of significant head trauma with loss of consciousness.
Final diagnostic classification was made at a consensus meeting of at least two research staff consisting of neuropsychologists and nurses. Cognitive and functional cohort specific diagnostic classification criteria are provided in Table 1 .
Procedures
In addition to screening and diagnostic assessments (i.e. Clinical Dementia Rating (CDR) [33] , MMSE, Subjective Memory Complaint (SMC) [30] and Geriatric Depression Scale (GDS) [34] ), eligible subjects underwent cognitive testing and completed functional and self-and informant-reported assessments at the screening visit. Cognitive and functional data collected at this visit were considered "baseline" data. At subsequent study visits, administrations of cognitive and functional measures were repeated. Information about changes in subject health Table 1 . Cognitive and functional diagnostic classification criteria.
HE
aMCI AD or medical conditions, including changes in medication use and medical events occurring between visits, was collected. The structure of study visits and sequence of study assessments were consistent for all subjects. All study procedures and assessments were administered by either trained research nurses or research neuropsychologists. Only the study's baseline, cross-sectional data are presented in this paper. Longitudinal data collected across subsequent visits (6 and 12 months after baseline) are not presented.
Subjects were not administered any marketed or investigational compound in this study. Subjects were however, undergoing usual care by their healthcare providers for their disease which may have included medication indicated for the treatment of AD. Because most subjects began their AD treatment prior to their inclusion in the study, responsiveness (i.e. the ability of a measure to detect pharmacological change) could not be assessed. All study procedures were in accord with the ethical standards of the Committee on Human Experimentation of the institution in which the experiments were done or in accord with the Helsinki Declaration of 1975. Informed consent was taken on recruitment into the OPTIMA cohort. Ethical approval for this study was granted by the Frenchay Regional Ethics Committee, reference 09/H0107/09.
Measures
Cognitive tests were chosen for this study based on published evidence of the tests' psychometric properties and their usefulness in assessing cognition in AD and aMCI [35] . Tests sensitive to mild impairment were chosen for comparison with the broadly used ADAS-Cog. The overarching aim in selecting cognitive measures was to achieve broad domain coverage with at least two measures assessing each cognitive domain known to be impacted in AD.
The cognitive test battery included the Alzheimer's Disease Assessment Scale-Cognitive subscale (ADASCog) [36] ; the Cambridge Automated Neuropsychological Test Battery (CANTAB) [37] Paired Associate Learning (PAL), Reaction Time Index (RTI) and Spatial Working Memory tests; the CAMCOG; and domainspecific tests in verbal and visuospatial episodic memory, semantic memory, attention, executive function and information processing speed (see Table 2 ). Functional measures included the Alzheimer's Disease Cooperative Study-Activities of Daily Living (ADCS-ADL) [38] , scored on basic and instrumental ADL, and the Everyday Memory Questionnaire (EMQ) [39] . Detailed description of all study measures can be found in the online supplement.
Statistical Methods
Standardized z-scores were calculated for all cognitive and functional baseline data based on the mean and standard deviation scores in the HE group. Standardizing the aMCI and mild-to-moderate AD performance to a z-score based on a HE sample allows all test and domain scores to be reported based on the same scale with mean of 0 and a standard deviation of 1. Domain composite scores were calculated by summing the individual tests' z-score means and dividing by the number of tests comprising that domain. Individual cognitive tests were grouped according to domain as indicated in Table 2 . The effects of age and education were assessed using one-way analysis of variance (ANOVA); independent t-tests were conducted to investigate the potential influence of gender. A p-value of <0.05 was considered significant for all comparisons. Because cognitive performance was not impacted by any of these covariates (data not shown), unadjusted, raw data were used in all z-score calculations. Because the ADAS-Cog was not administered to HE in this study, standard scores were created using previously published normative data [40] [41] .
This study was designed to descriptively assess cognitive performance and functional status in non-demented, aMCI and mild-to-moderate AD. The study was not powered to support formal statistical testing comparing the cognitive and functional outcomes across the three groups. However, statistical tests (ANOVA) were performed and p-values presented to facilitate interpretation of the differences between groups with regard to their cognitive and functional scores. Imputation was not performed for missing data so the number of subjects contributing to group means may vary by endpoint. All statistical analyses were performed using SAS version 9.3.
Results
Demographic Characteristics
Seventy five OPTIMA subjects prescreened with the TICS-M were invited to come into the study clinic for a Results comparing demographic factors by group are presented in Table 3 . On average, AD subjects had less education than the HE and were approximately 3 years younger than the HE and aMCI, but the differences were not statistically significant. There were significantly more males recruited into the aMCI and AD groups compared to HE. MMSE scores were statistically different across the groups with highest scores among the HE (29.5 ± 0.7) and aMCI (27.8 ± 1.2) compared to AD (22.9 ± 2.9). A gradient of increasing functional impairment and depressive symptoms with increasing cognitive impairment was observed between the groups. At baseline, 8 (42%) mild-to-moderate AD subjects had received cognitive-enhancing treatment as part of their usual medical care for an average of 3.9 ± 3.2 years.
Cognitive Performance
All means and standard deviations for cognitive test performance in the mild-to-moderate AD, aMCI, and HE groups can be found in Table 4 . Figure 1 presents the cross-sectional baseline z-scores for AD and aMCI, grouped by cognitive domain, for each of the cognitive endpoints evaluated. Cut-off lines of 1.5 and 2 standard deviations below the mean are indicated as the usual thresholds of significant deficit from normal control performance for MCI and AD, respectively [2] . All references made to the deficits observed in AD and aMCI groups are always relative to the HE referent group. Minimum and maximum z-scores within a cognitive do- Table 2 for information on cognitive and functional assessments, including abbreviations.
main refer to the minimum and maximum scores for the subset of measures classified within each domain. Classifications can be found in Table 2 ; z-scores are presented in Figure 1 . Deficits were observed among AD subjects relative to aMCI subjects on each cognitive endpoint assessed, with the exception of CANTAB Spatial Working Memory. The greatest cognitive deficits observed in the AD group were within the domains of episodic memory (z-score −3.3 to −11.4), executive function (z-score -0.4 to −10.1), orientation (z-score −19.5), and semantic memory (z-score −2.4 to −10.1). Smaller deficits were observed within the domains of processing speed (z-score −0.8 to −1.8) and attention and processing (z-score −0.7 to −2.1). Measureable cognitive deficits were also observed for most endpoints among aMCI with a pattern similar to that seen in the AD group, with the largest deficits in executive function (z-score −0.1 to −4.4) and semantic memory (z-score −0.8 to −4.8) domains, and the smallest deficits in the processing speed domain (zscores > −0.2). Endpoints such as the CAMCOG and ADAS-Cog, which utilize a single score to summarize cognitive performance across a variety of domains (categorized in the tables as "general cognition"), detected large differences from HE in both AD and aMCI and were able to clearly differentiate between aMCI (CAMCOG: z-score −1.9; ADAS-Cog: z-score −1.8) and AD (CAMCOG: z-score −7.6; ADAS-Cog: z-score −5.8). Both AD and aMCI had marked deficits in executive function (Clock Drawing Task 1 (CLOX1) [42] ; z-scores −10.1 and [43] ; AD z-score −1.7; aMCI z-score −1.0). Both AD and aMCI had deficits compared to HE in CANTAB Reaction Time tasks (AD z-score −1.9 to −2.1; aMCI z-score −1.4 to −1.6), MAP Search (AD z-score −1.6; aMCI z-score −0.6) [44] , CANTAB Spatial Working Memory (AD z-score −2.1; aMCI z-score −2.4) and CAMCOG Praxis (AD z-score −2.2; aMCI z-score −1.6). Figure 2 displays mean composite z-scores by cognitive domain for domains that were assessed by at least 2 tests.
Functional Status
All means and standard deviations for functional measures in the AD, aMCI, and HE groups can be found in Table 4 . Figure 1 also presents the cross-sectional baseline group z-scores for the AD and aMCI groups for each of the composite and individual functional endpoints evaluated.
The ADCS-ADL and EMQ total scores summarize functional status across several domains using a composite score. Measurable deficits relative to HE were observed in both AD (ADCS-ADL: z-score −6.6; EMQ: z-score −3.7) and aMCI (ADCS-ADL: z-score −0.4; EMQ: z-score −1.5). Domain-specific functional deficits were also detected; the deficits were greater among AD (z-score −0.4 to −6.4) compared to aMCI (z-score 0.0 to −1.7). There were no deficits observed in ADCS-ADL Basic ADLs for aMCI compared to HE, but impairment was seen in the ADCS-ADL's instrumental items. The mean instrumental ADL deficit in AD (z-score −6.4) was 16-fold greater than in aMCI (z-score −0.4). Both AD and aMCI had large deficits compared to HE in EMQ sub-domains (AD z-score −1.8 to −4.0; aMCI z-score −0.9 to −1.7). Functional deficits on the EMQ Total Score were more than twice as large in AD (mean z-score −3.7) compared to aMCI (mean z-score −1.5).
Discussion
Although both the cognitive and functional deficits in mild-to-moderate AD have been well-documented in the literature, the deficits have rarely been so well characterized and in a single cohort of participants that spans the spectrum of cognitively intact HE, aMCI and mild AD. The cognitive and functional profiles presented in this study provide insight into the comprehensive impairment among aMCI and mild AD.
Detailed characterization of domain-specific cognitive and functional profiles in aMCI and mild-to-moderate AD populations plays an important role in identifying domains whose exploration may improve the sensitivity of detecting therapeutic effects in clinical trials; albeit, identification of domain-specific measures for use in clinical trials requires further evaluation of the psychometric properties of the tests (i.e. reliability, construct and known-groups' validity, sensitivity to detect longitudinal change). A better understanding of expected cognitive and functional deficits across the spectrum of AD can also aid in improving the accuracy of diagnosing early and late stages of disease and differentiating between dementia subtypes [8] [21] [24]- [27] .
Measurable cognitive and functional deficits were observed in aMCI compared to HE. Despite some overlap in the distribution of individual subject scores, on average, aMCI subjects performed 1 -2 standard deviations below HE on cognitive tests and within 1 standard deviation on functional tests. The aMCI deficits were markedly less than those observed in AD. Although only a proportion of the aMCI subjects are expected to progress to AD, the consistency of their deficits suggests widespread impairment in cognition and function is present years before a clinical diagnosis of AD. Our data corroborates previous research suggesting that the most precipitous domain-specific decline on the continuum from MCI to AD conversion usually takes place in episodic memory [7] - [9] .
The cognitive deficits observed in the mild-to-moderate AD group are consistent with previous research demonstrating the greatest differences from HE present in the domains of visuospatial memory (z-score −3.4 to −6.3), episodic memory (z-score −3.3 to −11.4), semantic memory (z-score −2.4 to −10.0) and executive function (z-score −0.4 to −10.1) [7] - [9] [21] [41] . The consistency of the deficits in attention and information processing in aMCI and AD suggest that deficits in higher-level cognitive processes (e.g. memory, executive function) may be associated with a fundamental attention deficit that manifests very early in the disease. The data presented here support prior experience indicating that domains other than episodic memory are compromised in aMCI or preclinical AD [45] - [47] .
Based on the data presented, ADAS-Cog Immediate Recall and Recognition items, the Hopkins Verbal Learning Test revised (HVLT) Immediate and Delayed Recall [48] , CAMCOG Calculation, Comprehension and Expression sub-scores, CANTAB PAL Total Adjusted Errors and the SDMT show the most promise as trial endpoints as they exhibit the ability to differentiate between HE, aMCI and AD and are appropriately scaled for these populations. General cognition scores such as the CAMCOG and ADAS-Cog total scores would appear to be less useful clinical trial endpoints since changes in total scores are more difficult to map to the underlying domain-specific impairment. Furthermore, most of the ADAS-Cog items are inappropriately scaled for use in mild AD and therefore lack the sensitivity to measure widespread domain specific impairment. As a result, in mild AD, the ADAS-Cog total score is an endpoint primarily impacted by only a couple of verbal episodic memory items (namely Word Recall and Recognition). Consequences of excluding impacted domains in a global cognition endpoint include underestimating overall impairment and the difference between mild and moderate AD and missing clinical change in mild patients when it occurs [49] .
Functional decline was previously thought to be a feature that distinguished those with AD from those with more mild impairment, such that early criteria for MCI indicated that one should demonstrate "normal activities of daily living" [50] . However, as with cognitive criteria, recent revisions have noted that there may be subtle but detectable changes in functional ability in MCI as well [51] .
Our data indicate a subtle but consistent impairment of functional activities in aMCI, particularly in the EMQ functional activities that correlate highly with memory performance. Activities that require use of high-level cognitive skill, including reasoning, planning, organization, and initiation abilities are more likely to be impacted in aMCI [13] , perhaps because these kinds of activity are less routine and well-learned [16] . In the AD group, the instrumental ADCS-ADL and EMQ Speech domain impairment indicated is consistent with cognitive dysfunction in executive, orientation and episodic memory domains. Executive dysfunction has previously been associated with Instrumental ADL impairments [52] .
A number of limitations should be considered when interpreting these results. Impairment observed in this study may not be representative of a larger and more culturally diverse sample of subjects with aMCI and mildto-moderate AD. Recruitment of a convenient community sample of well-educated Caucasians and the study's small sample size may limit the generalizability of our findings to demographically and clinically similar populations. A major strength of the study is that it was conducted at a single study site with highly experienced neuropsychologists and nurses trained in cognitive assessments. It should however be acknowledged that the use of a single site with very qualified test administrators, which ensures high data quality and minimal loss to follow up, likely resulted in less performance-related variability than what might be observed in a multi-site, multicountry clinical trial setting.
Standard scores normalized to a healthy elderly population were used to allow for simple comparison of cog-nitive and functional performance across domains. It should, however, be noted that some z-scores were generated using non-normally distributed normative data. On a number of the tests the confluence of a compressed range of performance and ceiling effects (i.e. a meaningful number of subjects scoring at the upper limit of a scale's range) among healthy elderly resulted in z-scores among mild-to-moderate AD that may not accurately reflect the true percentage of scores that fall below a given z-score value.
A cross-sectional analysis limits the ability to assess key psychometric properties of the tests, such as test-retest reliability, the presence and persistence of learning effects and the sensitivity to change due to cognitive worsening. Data on these properties is necessary to determine the appropriateness of the endpoints for clinical trials. Future analyses of these data will include comprehensive psychometric analysis of each of the study's tests including their longitudinal performance in each of the study's cohorts.
Conclusion
The results of this study provide further support for comprehensive assessment and monitoring of cognitive and functional domain scores in the diagnosis and treatment of aMCI and mild-to-moderate AD. Establishing cognitive and functional profiles and assessing their change over time may inform differential diagnosis, particularly as cognitive decline is expected to be reflected in, or correlated with functional decline [53] . Domain-specific cognitive scores may be more useful than composite total scores in identifying impairment and decline in cognitive function related to regional brain function. Measuring domains such as attention, processing speed and executive function may increase the sensitivity of detecting disease progression and therapeutic effects, particularly in mild-to-moderate AD patients whose memory decline may be too slow to detect drug effects during a typical clinical trial. Further exploration of patterns of impairment may also have potential to be predictive of those at greatest risk of disease progression or who may benefit most from treatment. The TICS-M is a cognitive function test, developed as a dementia screen, and is suitable for administration by telephone. The 13-item version of the test was used, sensitive to early cognitive impairment, in which a higher proportion of the total score (maximum score 39 points) is contributed to by tasks of immediate and delayed recall, than in other screening tools, such as the MMSE or CAMCOG. It also includes tasks of orientation, attention, semantic memory, and comprehension and language ability. The total score and the Word List Recall score (WLR; total words recalled on immediate and delayed memory tasks) were used as indicators of cognitive status for screening and diagnostic purposes. Higher Total and WLR scores indicate better performance.
Mini Mental State Examination (MMSE) [31]
The MMSE is a cognitive screening instrument which assesses cognitive functioning in five areas: Orientation, Registration, Recall, Attention/Concentration/Calculation, and Language, with each subtest area contributing approximately equal weight to the total score. The maximum total score is 30 points, where higher scores indicate less impairment.
Subjective Memory Complaint (SMC) Questions (Selected Questions from the Cambridge Examination for Mental Disorders of the Elderly (CAMDEX)) [30]
A measure of participants' subjective accounts of memory impairment was assessed with questions assessing memory complaints from the CAMDEX. Four questions were administered, including those assessing participants' subjective ability to remember names of people they know well and whether they had been lost in familiar places. The SMC was scored dichotomously, that is, SMC present or absent, where present indicated endorsement of 2 or more items as SMC items. Note that this measure was not used in the diagnostic classification of AD participants, as reduced insight may mask subjective reporting of memory difficulties.
Geriatric Depression Scale (GDS) [34]
The GDS is a 30-item depression screen for older adults, covering symptoms such as interest and enjoyment in activities, energy levels and hopefulness regarding the future, where scores of 0 -9 indicate normal mood, 10 -19 mild depression, and 20 -30 severe depression.
Clinical Dementia Rating (CDR) [33]
The CDR provides a measure of clinical severity of dementia, covering six areas of cognitive and functional ability: Memory, Orientation, Judgment and Problem-solving, Community Affairs, Home and Hobbies, and Personal Care. Performance in these areas is rated on a 5-point scale (Personal care, on a 4-point scale) on the basis of information gathered by means of clinical interview with the participant and a reliable informant. These scores then contribute, using a mathematical algorithm, to the calculation of an overall CDR score, which provides a measure of dementia severity on a 5-point scale: 0 indicates no impairment, 0.5, 1, 2, and 3 indicate dementia of increasing severity, that is, very mild, mild, moderate, and severe, respectively. A CDR-SoB score is also calculated from the sum of all the individual scores for each domain. CDR ratings were made by consensus decision of at least two research neuropsychologists or nurses.
Functional Assessments
Alzheimer's Disease Cooperative Study-Activities of Daily Living (ADCS-ADL) [38]
This measure assesses elderly participants' ability to carry out routine activities in everyday life pertaining to personal care, household maintenance, communicating and interaction, hobbies and interests, and decisionmaking and judgement ability. Administered to an informant or caregiver, functioning in the above areas is rated on 23 items as performed in the previous 4-week period, with each item rated according to the level of independence with which the task can be performed (from "can perform task independently" to "needs physical help"). Total scores range from 0 to 78, with higher scores indicating less impairment. The items are grouped into basic ADL (personal care) and instrumental ADL (household maintenance, communicating and interaction, hobbies and interests, and decision-making and judgement ability). Used with permission from the NIA Alzheimer's Disease Cooperative Study (NIA Grant AG10483).
Everyday Memory Questionnaire (EMQ) [39]
The EMQ is a 35-item questionnaire which assesses memory impairment in 5 domains: speech, reading and writing, faces and places, actions, and learning new things. The items have been shown to load onto 5 factors, namely retrieval, task monitoring, conversational monitoring, spatial memory and memory for activities [54] . Each item is ranked on a 5-point scale (0 -4 points) which indicates the frequency with which a particular memory difficulty occurs, ranging from "Never" to "Several times in a day". EMQ score ranges from 0 to 140, where a higher score indicates greater impairment. A self-report version of the questionnaire was completed by HE participants, and an informant version was completed when participants were in the aMCI or AD groups to avoid issues of reduced insight into memory difficulties. If completed by the informant, the EMQ was filled in following completion of the ADCS-ADL. The ADAS-Cog is widely used in clinical trials as a measure of cognitive impairment or change. The total score (maximum of 70) provides an overall measure of cognitive functioning, with higher scores indicating greater impairment. This score is derived from performance on the subtests which comprise the scale, including tasks of memory, praxis, orientation, and language. An additional task of executive functioning, the Maze task, derived from the Alzheimer's Disease Cooperative Study (ADCS) extended version of the ADAS was included as part of the ADAS-Cog in this study. The Maze task is scored on the number of seconds it takes the participant to complete the task; therefore higher scores indicate greater impairment. Three versions of the ADAS-Cog were administered; one at each of the study visits. Across the three versions, the stimuli for the word recall/recognition and the Maze task were varied. The more comprehensively assessed CAMCOG Orientation sub-test was used in this study in place of the ADAS-Cog Orientation sub-test. The ADAS-Cog was administered to aMCI and AD subjects only. Normative data from the literature.was used for the HE for the purpose of calculating zscores [40] [41].
Cambridge Automated Neuropsychological Test Battery (CANTAB) [37]
Three tasks from the computerized CANTAB battery were administered: Paired Associate Learning (PAL), Reaction Time Index (RTI), and Spatial Working Memory (SWM). Responses on each of these tasks were made by the participant on a touch-screen computer.
1) PAL The PAL is a test of episodic memory in the visuospatial modality. In this task, six boxes appear on the screen, followed by the presentation of a series of visual patterns. Each pattern is shown at a different location (inside one of the six boxes), and following presentation of the series, participants must respond as to which pattern was presented in which location. Patterns were included on the basis of being difficult to encode verbally. There are six levels of difficulty, or stages-constituted by an increased number of patterns that must be encoded and recalled (2, 3, 4, 5, 6, 8 pattern) . The test is discontinued after failure to correctly identify the location of all patterns on up to 6 consecutive trials at each stage. Two main scores were calculated: total number of errors and number of levels/stages reached. An adjusted total score allowing for predicted errors on levels not completed is calculated for those who discontinue the task early.
2) RTI The RTI test provides a measure of attention and processing speed by means of two tasks of a) simple and b) 5-choice reaction time. In this test, participants must hold down a button, and in two separate conditions, respond either to the appearance of a yellow spot stimulus within a single circle or location by touching the screen at this location (simple reaction time task), or to this same spot when it appears at one of five possible locations (5-choice reaction time). Several measures are recorded: simple and 5-choice reaction time, and simple and 5-choice movement time. Simple reaction time is the speed in milliseconds it takes the participant to release the press pad in response to the stimulus appearing in a single location. Five-choice reaction time is the speed in milliseconds it takes the subject to release the press pad in response to the stimulus appearing in any one of five locations. Simple movement time is the time taken to touch the stimulus after the press pad is released and in trials where stimuli appear in one location only. Five-choice movement time is the time taken to touch the stimulus after the press pad has been released and in trials where one of five possible different stimuli have been presented.
3) SWM SWM measures one's ability to retain and manipulate spatial information in working memory. In this task, an array of colored boxes appears on the screen, and the participant must search for a number of blue tokens hidden inside these boxes. Only one token is hidden at a time, and participants must find enough tokens within a particular trial, to fill an empty space on the right on the screen. The number of tokens to be found increases with subsequent trials and importantly, within each trial, once a token has been found at a particular location the participants must not search that box for a further token as this constitutes an error. Task instructions are given, but following this, participants are left to complete the task without guidance, meaning assessment of their strategy or approach to completing the task can also be assessed. Two main scores are calculated: SWM Errors and SWM Errors at 6 box stage. The CAMCOG is a pencil-and-paper test assessing cognitive function in the domains of orientation, language, memory and learning, attention and calculation, abstract thinking, praxis, and perception. Some task items included in the CAMCOG overlap directly with other cognitive assessments included in the study battery (e.g. the MMSE), thus, where this occurred, items were not readministered as part of the CAMCOG. Alternate versions of verbal recall and recognition (e.g. recalling address details), coin recognition and calculation items were administered to avoid repetition and learning effects from the previous testing visit. The CAMCOG provides a measure of overall cognitive functioning by means of a total score, maximum 107 points (where a higher score indicates better performance), and measures of various cognitive domains by means of subscale scores. Of particular interest for this study was the CAMCOG Learning score, which provides a measure of learning memory (maximum score 17 points), where higher scores indicate more intact learning ability.
Hopkins Verbal Learning Test Revised (HVLT) [48]
The HVLT is a test of verbal immediate and delayed recall and recognition memory. Participants are read a list of 12 words on three occasions (trials 1 -3) and must recall as many words as possible after each presentation. The HVLT Total Recall (HVLT TR) score (maximum 36) is the total number of words recalled across the three trials. The Learning Index score gives an indication of the amount of learning that occurs over subsequent presentations of the word list, and is calculated by subtracting the number of words correctly recalled on trial 1 from the higher of the total of words correctly recalled on trial 2 or 3. After a delay of approximately 20 minutes, participants are again asked to recall as many words as possible from the 12-word list. The HVLT delayed recall (HVLT DR) score is the number of words (maximum 12) correctly recalled on this trial. A recognition trial is then administered where 24 words are read, and the participant must identify those which appeared in the original 12-word list. The Discrimination Index is the number of true positive words recognised minus false positive endorsements from the recognition condition. An alternate version of this task was administered on each study visit.
Pattern and Letter Comparison Test [55]
The Pattern and Letter Comparison task is a test of processing speed. In the Pattern comparison subtest, participants are shown pairs of line drawings and have to respond as to whether the patterns in each pair are the same or different, responding correctly to as many pairs as possible within a time limit of 20 seconds. In the Letter comparison subtest, the premise is the same, but in this case, participants are responding as to whether strings of letters, arranged in pairs, are the same or different as quickly as possible, also within a time limit of 20 seconds. The total score for each subtest is the total number of correct responses made within the time limit (maximum of 30 points for Pattern comparison, maximum of 21 points for Letter comparison per page).
The Placing Test (TPT) [56]
The Placing Test is a test of visuospatial paired associates learning. Participants are shown 12 pictures of objects (e.g. a vase, a picnic basket). Items are arranged across 6 pages, each divided into a 2 × 2 grid. Two picture stimuli appear on each page, the locations of which vary randomly, while the remaining grid positions remain blank. Before starting the task, participants are told that the grid quadrants are numbered 1 -4 (top left = 1, top right = 2, bottom left = 3, bottom right = 4). To ensure full attention to the stimulus set, participants are asked to say whether the objects are "pleasant", "unpleasant", or "neutral", and to respond "blank" to empty quadrants. The administrator points to each of the quadrants in order, asking the participant to respond as outlined. When all 6 pages have been administered, participants are shown a further page, also in the above grid formation, with no picture stimuli, but with the squares numbered as above. Each of the individual picture stimuli is now shown to the participant, and they must respond as to which square (1 -4) they previously saw the stimulus appear in. The total score is the number of object locations correctly identified.
Symbol Digit Modalities Test (SDMT) [43]
The SDMT provides a measure of attention and information processing. Participants are shown a key comprised of a line of symbols, each of which has a number which corresponds to it. Participants are then presented with a series of symbols that do not have their corresponding number attached. They must use the key to fill in the missing numbers for as many symbols as possible within a time limit of 90 seconds. The total score is the number of digits correctly entered against the series of symbols within the time limit, out of a possible maximum of 110.
Map Search Task (from Test of Everyday Attention) [44]
The Map Search task is a test of visual scanning and selective attention in which participants are required to circle as many target stimuli as possible (from a total of 80) from amongst an array of different distractors on a busy road map within a time limit of two minutes. Three alternative versions of this task exist, one of which was used at each study visit. Target stimuli include petrol stations, garages and restaurants, symbolized by pictures of a petrol pump, spanner and cutlery, including distractor stimuli such as shopping trolleys. The total score is the number of target stimuli circled within the time limit (maximum 80).
Graded Naming Test (GNT) [57]
The GNT is a test of semantic memory, where participants are asked to give the name of a series of 30 black and white line drawings of objects. Test items are of varying familiarity (and thus difficulty), with less familiar objects presented later in the test. The total score is the number of objects correctly named (maximum 30 points).
CLOX [42]
The CLOX task is a test of both constructional praxis and executive functioning. Participants are instructed to draw a clock that reads 1.45, and to set the hands and numbers on the face so child could read them. They are then given a sheet of paper on which to do this, through which the outline of a circle printed on the opposite side of the page can be seen. Once this part of the test (CLOX 1) is completed, the test administrator then turns the page over, and in the printed circle, demonstrates drawing a clock, with correct placement, first of the 12, 3, 6, and 9, and then the remaining numbers and hands (drawn as arrows). The participant is then asked to draw a clock "just like" the administrators (CLOX 2), eliminating the executive element of the CLOX 1 condition; that is, the additional requirement of planning an approach to the task. Each part of the CLOX test is scored out of 15 points according to a set of criteria, and a dysexecutive score is calculated by subtracting the CLOX 2 from the CLOX 1 score.
